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Recommendations
A diagnosis of colorectal cancer should be accompanied with a
completed ‘colorectal database’ record, including family history.
This should ensure a complete medical record and a long-term
referral document.
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Abstract
Background: Infiltration of local anaesthetic into an area before
incising with a scalpel is common surgical practice. After a chance
observation that a carbon steel scalpel rusted within minutes of
contact with local anaesthetic, the corrosive effects of normal
saline and local anaesthetic solutions on carbon and stainless steel
surgical blades were investigated.
Methods: After a series of preliminary studies with approximate-
ly fifty scalpels, we used a semi-quantitative technique using 
digital photography to demonstrate the corrosive effect of local
anaesthetic on twelve carbon steel scalpel blades. These blades
were exposed to saline, lignocaine and bupivacaine, and the 
surface changes were recorded and compared. A stainless steel
blade was also photographed for comparison.
Results: All blades were found to rust in all three 
solutions, but there were considerable differences in the rate of
progression and the surface area of the blade affected. Corrosive
effects occurred rapidly on the carbon steel blades when exposed
to all solutions, the process beginning within minutes of 
immersion. The overall effect was most marked with blades 
partially immersed in local anaesthetic. The stainless steel 
blades were much more resistant rusting, but had started to 
corrode by twelve hours, and were substantially rusty after 
24 hours. Total immersion in solution produced minimal effects
and thus rapid corrosion requires an air-liquid interface.
Conclusions: This paper demonstrates the surprisingly rapid
speed of corrosion of the standard carbon steel scalpel blade when
exposed to solution, especially in the presence of an air-liquid
interface. This phenomenon has not been previously described and
has a number of implications. In the developing world, scalpels
may be re-used, and in such circumstances avoidance of contact
with local anaesthetic may increase the life of the blades. 
In addition, excess tissue damage from the poor performance of a
rusted blade may occur and may tattoo the skin with rust.
Furthermore, there is evidence to suggest that iron oxides may
have carcinogenic and cytotoxic properties. Carbon steel blades
are often preferred as they can be manufactured sharper and
cheaper, however, we would recommend either their replacement
after contact with local anaesthetic, or the use of stainless steel
blades in particular circumstances.
Introduction
The chance observation that a carbon steel scalpel blade left in a
pool of bupivacaine rusted rapidly, led us to further investigate the
speed of this reaction and whether this was likely to be significant
over the time-course of most surgical procedures. We exposed a
variety of carbon steel and stainless steel scalpel blades to 
solutions of normal saline, lignocaine and bupivacaine, and
recorded the surface changes by photography to give a semi-quan-
titative analysis.
Materials and Methods
Pilot studies
To avoid excessive photography, preliminary experiments were
undertaken on a variety of scalpel blades that showed consistent
rusting of all carbon steel blades exposed to local anaesthetic. 
In one such experiment (figure 1) three separate carbon steel
blades of four different types (numbers 10, 11, 15 and 20 blades,
Swann-Morton, Sheffield UK, twelve in total) were exposed to a
drop of lignocaine for a 3 minutes and showed significant rusting
during this time course. 
Figure 1: A preliminary experiment on 3 sets of 4 different scalpel
blades (number 10, 11, 15 and 20 blades, 24 altogether), 
demonstrating uniform corrosion of all blades subjected to a drop
of lignocaine. Photographs were taken every minute for 10 min-
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utes, those shown here at 0 and 3 minutes. Note the blue 
litmus alongside, which has been turned red by a drop of 
lignocaine demonstrating its acidity.
This and other such preliminary experiments revealed that rusting
occurred fastest in partially immersed blades, where there was an
air-liquid interface (figure 2), and only occurred after a protracted
time with stainless steel blades. Furthermore, stainless steel blades
failed to show any evidence of rusting in a similar time period to
the carbon steel blades. To illustrate and record these phenomena
a more stringent experimental methodology was then devised
based on these provisional findings.
Figure 2: A preliminary experiment demonstrating a rust 
“tide-mark” on a number 20 carbon steel blade when left in 
a small container of lignocaine for 5 minutes.
Full experimental protocol
We used nine carbon steel surgical blades (Swann-Morton Ltd,
Sheffield, UK) and nine stainless steel surgical blades (Paragon,
Sheffield, UK) in total.  The three solutions used were 
Saline 0.9% (Braun Medical Ltd. Emmenbrucke, Switzerland),
lignocaine hydrochloride 2% (Antigen Pharmaceuticals, Ireland)
and bupivacaine hydrochloride 0.5% (Antigen Pharmaceuticals,
Ireland).  A digital camera was mounted on a stage and the focal
length set to 200 mm.  The ambient temperature was nineteen
degrees Celsius throughout, and all experiments were undertaken
using scalpels in a Petri dish (figure 3).
Figure 3: Apparatus and setup for the main 
experimental protocol.
Both carbon steel and stainless steel blades were allocated into
three sub-groups, such that each blade was exposed to each solu-
tion in different degrees of submersion. Thus, each group was
identical, containing three carbon steel and three stainless steel
blades.  One group was completely submersed in 50 ml of each of
the solutions.  The second was partially submersed in 10 ml of
each solution and the final group was completely submersed in 50
ml for a period of two minutes and then removed from the 
solution and allowed to dry.  At five-minute intervals, and for a 
period of ninety minutes, the surface changes on the blades were
photographed. This protocol was repeated twice until adjustments
to the camera and lighting produced photographs of adequate
quality.  From the photographs an assessment of the surface area
of corrosion was made by two observers and a consensus achieved
as to the extent of surface changes which was recorded as a 
percentage.
Results
Preliminary studies
The first of our preliminary experiments showed very consistent
formation of rust on twelve scalpel blades of various types within
minutes of contact with a drop of lignocaine - figure 1 shows the
effect after just three minutes. Alongside is shown a strip of blue
litmus paper, part of which has been turned red by a drop of the 
lignocaine, demonstrating its acidity. A second experiment
involved placing a number of scalpel blades into a small 
receptacle partially filled with lignocaine for five minutes. 
These blades consistently showed a significant rusting ‘tide-mark’
(figure 2), which was only present at the air-liquid interface. 
In addition, blades that were partially exposed to local anaesthetic
were found to rust at a faster rate than blades only temporarily
exposed and allowed to dry. Blades completely submerged in local
anaesthetic showed minimal rusting, as did the stainless steel
blades in any solution during the observation period of 
approximately two hours.
Definitive methodology
The more stringent methodology, demonstrating the surface
changes occurring in carbon steel blades partially immersed in
saline, lignocaine and bupivacaine solutions are illustrated 
in figure 4, and our interpretation of these changes is summarized
in the table below and presented graphically in figure 5. 
Table: Approximate degree of surface area changes (rust) of 
carbon steel blades partially immersed in the three solutions, 
as estimated from the photographs in figure 4.
Figure 4: Partially immersed carbon steel surgical blades in 
normal saline, lignocaine and bupivacaine at 5, 10, 15, 30 and 
90 minutes, with a control at 0 minutes.
Time (min) Saline Lignocaine Bupivacaine
0 0% 0% 0%
5 5% 15% 5%
10 10% 35% 25%
15 15% 70% 50%
30 20% 75% 70%
60 20% 80% 75%
90 40% 90% 85%
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Figure 5: Comparison of the surface changes on carbon steel
blades partially immersed in normal saline, lignocaine and 
bupivacaine.
All of these blades exposed to all three solutions 
demonstrated a macroscopically visible corrosive effect, but of
varying degrees.  Even the stainless steel blades showed excessive
rusting when left overnight partially submerged in lignocaine 
(figure 6).  The time course for both types of blade is shown in
figure 7.
Figure 6: Stainless steel blade after 24 hours of partial immersion
in lignocaine.
Figure 7: Comparison of the surface changes with time on carbon
steel blades partially immersed in solution with a stainless steel
blade similarly exposed.
There was a macroscopically visible difference in the extent 
of rusting between the three different solutions over time. 
The bupivacaine and the lignocaine appeared to cause more 
complete approximately equal and uniform corrosion of the 
surface area of carbon steel blades compared to normal saline.
This effect continued to progress over the ninety-minute period
of observation (figure 4). Surprisingly, all blades partially
immersed in any solution showed some evidence of corrosion in
as early as five minutes though progression was still less marked
in normal saline compared to the local anaesthetic groups.
Discussion
In general, ordinary carbon steel has a carbon content of 0.25% or
significantly more, whereas stainless steels usually have much less
(often <0.1%)1. However, the decarburisation of stainless steel is a
process that adds to the cost of manufacture and is specifically
undertaken to reduce one type of corrosion, called “intergranular
corrosion”1(a), which is caused by the precipitation of carbides.
The addition of further compounds, which are absent in carbon
steel, adds further to the corrosion resistance of stainless steel.
The various different types of corrosion of steel include general
corrosion, stress corrosion cracking (SCC), pitting corrosion,
intergranular corrosion, weld corrosion, corrosion fatigue, 
high temperature corrosion and crevice corrosion1(b). The reader
is directed elsewhere for further elaboration of these complex
processes1,2. Therefore, although carbon steel blades may be 
manufactured sharper and cheaper, they are less corrosion 
resistant than stainless steel.
We have demonstrated that carbon steel surgical blades (ISO 7740
Carbon Steel3) corrode rapidly if partially exposed to any of the
solutions tested in air. This process was more complete in local
anaesthetic solution and also progressed faster.  Corrosion
occurred at a much slower rate with the stainless steel blades, and
in a timescale unlikely to be relevant in most surgical procedures.
The basis of the corrosion of any metal is the loss of electrons
from the metal atom to form an ion. This oxidation reaction is
expressed as  M ==> Mn+ + ne-, and can result in the formation
of oxides or other species that can either precipitate into adherent
or non- adherent species (e.g. rust or passive films), or form free
ions in solution (denoted Mn+(aq))3. Such precipitates or ions can
influence the local milieu such that oxidation reactions are 
accelerated (for example, by the hydrolysis of water - see below)
or decelerated (such as by the formation of a protective “passive”
layer). The electrical potential that is formed across an interface
between a metal in contact with a solution, and which governs this
process, is described by the Nernst equation3:
∆E=∆Eo + RT ln [Mn+] ,
nF       [M]
where ∆E is the voltage or potential difference across the interface
between the metal and solution, F is the Faraday constant, R is the
gas constant and T is the temperature.
Stainless steel, unlike carbon steel, is afforded a degree of 
corrosion resistance by the inclusion of a number of compounds.
By definition, all stainless steels must contain at least 10%
chromium and other elements often include manganese, silicon,
nickel and molybdenum. These impurities react with oxygen 
present in air and water to form a re-sealable microscopically thin 
(invisible) protective layer of these metal oxides and hydroxides -
a passive film that limits further access of water and oxygen to the
metal surface. Carbon steel, in contrast, simply forms an unstable
and porous non-protective visible iron oxide layer that continues
to build up with time (rust)4.
Acceleration of corrosion by local anaesthetic 
and relevance of partial immersion
Local anaesthetic solutions such as lignocaine and bupivacaine are
produced as hydrochloride salts (HCL), these compounds 
themselves being insoluble in water.  A 2% solution of Lignocaine
has a pH of 4 to 5.5, and thus increases the potential for pitting
corrosion, which is a form of localized attack producing pits that
can continue to grow and even cause perforation. In the presence
of HCL, pitting corrosion occurs and propagates due to the 
formation and maintenance of an extreme local environment
caused by further acidification from hydrolysis of the dissolving
metal cations2(c),3:
M+Cl- + H2O         MOH + H+Cl-
The chloride ions migrate into the corroded pits to balance the 
positive charge of the dissolving metal ions, increasing the 
concentration of these ions at the “front line” of attack, and thus
accelerating this process.  Although stainless steels are more
resistant than carbon steels to corrosion by the mechanisms
described above, they are not immune. The complex process by
which this corrosion occurs has recently been elaborated and
seems to involve pitting at regions of manganese sulphide (MnS)
inclusions5.
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We presume that the acceleration of rusting during partial 
immersion is explained by the creation of an interface where there
is a higher concentration of exchangeable oxygen for oxidation to
occur, which also provides a focus for the process of evaporation
that concentrates the solutes.
Implications
The tissue effects of iron oxides in the small quantities we have
demonstrated are unknown.  A wide range of adverse effects have
been reported, from carcinogenesis to rust rings in the eye6, and
even the impairment of spermatogenesis7. Indeed, there is ongoing
debate as to the carcinogenic properties of iron oxides (for8 and
against9). In live tissues, particles of insoluble iron are sequestered
in the epidermis and the dermis and are eventually found in
macrophages in the dermis and subcutaneous tissues10 and which
can remain visible in the skin simulating a pigmented lesion11.
Experimental evidence also suggests that wound healing may be
adversely affected12. Corrosion will adversely affect the cutting
ability of a surgical blade, thereby increasing tissue trauma during
incision. Furthermore, scalpels may be re-used in parts of the
developing world and in such circumstances the method of storage
should ensure avoidance of saline with an air-liquid interface and 
contact with local anaesthetics should be minimised. Furthermore,
long-term cost savings could be achieved by use of stainless steel
blades.  The authors acknowledge a degree of subjectivity in this
analysis but inter-observer error was low and consensus reached 
on allocated values to photographic results. 
Conclusion
This significant and previously unreported finding demonstrated
in this paper is the surprisingly rapid speed (minutes) of corrosion
of carbon steel scalpel blades in local anaesthetic solution and to a
lesser extent normal saline. Stainless steel blades also rusted,
though this took place over a much longer timescale (many hours).
The most important mechanism explaining this phenomenon is
likely to be pitting corrosion due to high acidity of the local 
anaesthetics. Rust has been implicated in a number of ways to be
detrimental to various tissues and its presence is a sign of a 
poorly cutting blade. We suggest that if carbon steel blades are to
be preferred by surgeons, immersion in local anaesthetic should be
avoided, and a new blade used after incising an area infiltrated
with local anaesthetic. Alternatively, stainless steel blades should
be used,as they are unlikely to corrode over the time course of
most surgical procedures and their usage may be more cost 
effective in the long-term in certain developing countries.
Funding - None declared.
Conflicting Interests - None declared.
References
1. Corrosion of Stainless Steels by A John Sedriks, 2nd Ed., John Wiley & Sons Inc,
New York, 1996. pp 18(a), 10(b), 103(c)
2. J.J. Jacobs, J.L. Gilbert, R.M. Urban. Corrosion of Metal Orthopaedic Implants. 
J Bone & Joint Surg. 1998; 80A:268-282.
3. ISO: International Organisation for Standardisation, 1 Rue de Varembre, 
Cas Postale 56, Ch-1211 Geneva 20, Switzerland.
4. M.L. Free. Scientific American (New York) 2001. 285(2):96 
5. Ryan MP, Williams DE, Chater RJ, Hutton BM, McPhail DS. Why Stainless Steel
Corrodes. Nature 2002 14;415:770-774.
6. Jayamanne DG, Bell RW. Non-penetrating corneal foreign body injuries: 
factors affecting delay in rehabilitation of patients. J Accid Emerg Med 
1994 11:195-197.
7. Pereira ML, Silva A, Tracana R, Carvalho GS. Toxic effects caused by stainless
steel corrosion products on mouse seminiferous cells. Cytobios 1994 77:73-80.
8. Elias Z, Poirot O, Schneider et al. Cytotoxic and transforming effects of some 
iron-containing minerals in Syrian hamster embryo cells. Cancer Detection &
Prevention 1995; 19:405-414. 
9. Steinhoff D, Mohr U, Hahnemann S. Carcinogenesis studies with iron oxides.
Experimental Pathology 1991; 43:189-194.
10. Hurwitz JJ, Brownstein S, Mishkin SK. Histopathological findings in 
blepharopigment-tion (eyelid tattoo). Can J Opthalmol 1988 23:267-269. 
11. Paproski SM, Smith SL, Crawford RI. Ferruginous foreign body: a clinical 
simulant of melanoma with distinctive histologic features. Am J Dermatopathol
2002 24:396-8 .
12. Jacob AK, Hotchkiss RS, DeMeester SL et al. Endothelial cell apoptosis is 
accelerated by  inorganic iron and heat via an oxygen radical dependent 
mechanism. Surgery. 1997 122:243-253
